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Features ■ Transfers, searches and search/transfers in 

Byte-at-a-Time, Burst or Continuous modes. 
Cycle length and edge timing can be pro- 
grammed to match the speed of any port. 

■ Dual port addresses (source and destination) 
generated for memory-to-I/O, memory- 
to-memory, or I/O-to-I/O operations. 
Addresses may be fixed or automatically 
incremented/decremented. 

■ Next-operation loading without disturbing 
current operations via buffered starting- 



address registers. An entire previous 
seguence can be repeated automatically. 

Extensive programmability of functions. 
CPU can read complete channel status. 

Standard Z-80 Family bus-reguest and 
prioritized interrupt-reguest daisy chains 
implemented without external logic. 
Sophisticated, internally modifiable inter- 
rupt vectoring. 

Direct interfacing to system buses without 
external logic. 



General The Z-80 DMA (Direct Memory Access) is a 

Description powerful and versatile device for controlling 
and processing transfers of data. Its basic 
function of managing CPU- independent 
transfers between two ports is augmented by 
an array of features that optimize transfer 
speed and control with little or no external 
logic in systems using an 8- or 16-bit data bus 
and a 16-bit address bus. 



Transfers can be done between any two ports 
(source and destination), including memory-to- 
I/O, memory-to-memory, and I/O-to-I/O. Dual 
port addresses are automatically generated for 
each transaction and may be either fixed or 
incrementing/decrementing. In addition, bit- 
maskable byte searches can be performed 
either concurrently with transfers or as an 
operation in itself. 
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Figure 1 . Pin Functions 



Figure 2. Pin Assignments 
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General The Z-80 DMA contains direct interfacing to 

Description and independent control of system buses, as 
(Continued) well as sophisticated bus and interrupt con- 
trols. Many programmable features, including 
variable cycle timing and auto-restart, 
minimize CPU software overhead. They are 
especially useful in adapting this special- 



purpose transfer processor to a broad variety 
of memory, I/O and CPU environments. 

The Z-80 DMA is an n-channel silicon-gate 
depletion- load device packaged in a 40- pin 
plastic or ceramic DIP. It uses a single + 5 V 
power supply and the standard Z-80 Family 
single-phase clock. 



Functional Classes of Operation. The Z-80 DMA has 
Description three basic classes of operation: 

■ Transfers of data between two ports (memory 

or I/O peripheral) 

■ Searches for a particular 8-bit maskable 
byte at a single port in memory or an I/O 

peripheral 

■ Combined transfers with simultaneous 
search between two ports 

Figure 4 illustrates the basic functions 
served by these classes of operation. 

During a transfer, the DMA assumes control 
of the system address and data buses. Data is 
read from one addressable port and written to 
the other addressable port, byte by byte. The 
ports may be programmed to be either system 
main memory or peripheral I/O devices. Thus, 
a block of data may be written from one 
peripheral to another, from one area of main 
memory to another, or from a peripheral to 
main memory and vice versa. 




During a search-only operation, data is read 
from the source port and compared byte by 
byte with a DMA-internal register containing a 
programmable match byte. This match byte 
may optionally be masked so that only certain 
bits within the match byte are compared. 
Search rates up to 1.25M bytes per second can 
be obtained with the 2.5 MHz Z-80 DMA or 2M 
bytes per second with the 4 MHz Z-80A DMA. 

In combined searches and transfers, data 
is transferred between two ports while 
simultaneously searching for a bit-maskable 
byte match. 

Data transfers or searches can be pro- 
grammed to stop or interrupt under various 
conditions. In addition, CPU-readable status 
bits can be programmed to reflect the 
condition. 

Modes of Operation. The Z-80 DMA can be 
programmed to operate in one of three transfer 
and/or search modes: 

■ Byte-ot-a- Time: data operations are per- 
formed one byte at a time. Between each 
byte operation the system buses are released 
to the CPU. The buses are reguested again 
for each succeeding byte operation. 

■ Burst: data operations continue until a 
port's Ready line to the DMA goes inactive. 
The DMA then stops and releases the system 
buses after completing its current byte 
operation. 

9 Continuous: data operations continue until 
the end of the programmed block of data is 
reached before the system buses are 
released. If a port's Ready line goes inactive 
before this occurs, the DMA simply pauses 
until the Ready line comes active again. 





z-80 DMA 










I/O 

PERIPHERAL 




— ® — 












— © — 




MEMORY 


— (T) — 






— ® — 




I/O 

PERIPHERAL 




1 














— ® — 









1. Search memory 

2. Transfer memory to memory (optional search) 

3. Transfer memory-to-l/0 (optional search) 

4. Search I/O 

5. Transfer l/O-to l/0 (optional search) 



Figure 3. Typical Z-80 Environment 



Figure 4. Basic Functions of the Z-80 DMA 
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Functional In all modes, once a byte of data is read into 

Description the DMA, the operation on the byte will be 
(Continued) completed in an orderly fashion, regardless of 
the state of other signals (including a port's 
Ready line). 

Due to the DMA's high-speed buffered 
method of reading data, operations on one 
byte are not completed until the next byte is 
read in. This means that total transfer or 
search block lengths must be two or more 
bytes, and that block lengths programmed into 
the DMA must be one byte less than the 
desired block length (count is N-1 where N is 
the block length). 

Commands and Status. The Z-80 DMA has 
several writable control registers and readable 
status registers available to the CPU. Control 
bytes can be written to the DMA whenever the 
DMA is not controlling the system buses, but 
the act of writing a control byte to the DMA 
disables the DMA until it is again enabled by a 
specific command. Status bytes can also be 
read at any such time, but writing the Read 
Status Byte command or the Initiate Read 
Seguence command disables the DMA. 

Control bytes to the DMA include those 
which effect immediate command actions such 
as enable, disable, reset, load starting-address 
buffers, continue, clear counters, clear status 
bits and the like. In addition, many mode- 
setting control bytes can be written, including 
mode and class of operation, port configura- 
tion, starting addresses, block length, address 
counting rule, match and match-mask byte, 
interrupt conditions, interrupt vector, status- 
affects- vector condition, pulse counting, auto 
restart. Ready-line and Wait-line rules, and 
read mask. 

Readable status registers include a general 
status byte reflecting Ready-line, end-of-block, 
byte-match and interrupt conditions, as well as 
2-byte registers for the current byte count. 
Port A address and Port B address. 

Variable Cycle. The Z-80 DMA has the 
unigue feature of programmable operation- 
cycle length. This is valuable in tailoring the 
DMA to the particular reguirements of other 
system components (fast or slow) and max- 
imizes the data- transfer rate. It also eliminates 
external logic for signal conditioning. 

There are two aspects to the variable cycle 
feature. First, the entire read and write cycles 
(periods) associated with the source and 
destination ports can be independently pro- 
grammed as 2, 3 or 4 T-cycles long (more if 
Wait cycles are used), thereby increasing or 
decreasing the speed with which all DMA 
signals change (Figure 5). 



Second, the four signals in each port 
specifically associated with transfers of data 
(I/O Reguest, Memory Reguest, Read and 
Write) can each have its active trailing edge 
terminated one-half T-cycle early. This adds a 
further dimension of flexibility and speed, 
allowing such things as shorter-than-normal 
Read or Write signals that go inactive before 
data starts to change. 

Address Generation. Two 16-bit addresses are 
generated by the Z-80 DMA for every transfer 
operation, one address for the source port and 
another for. the destination port. Each address 
can be either variable or fixed. Variable 
addresses can increment or decrement from 
the programmed starting address. The fixed- 
address capability eliminates the need for 
separate enabling wires to I/O ports. 

Port addresses are multiplexed onto the 
system address bus, depending on whether the 
DMA is reading the source port or writing to 
the destination port. Two readable address 
counters (2 bytes each) keep the current 
address of each port. 

Auto Restart. The starting addresses of either 
port can be reloaded automatically at the end 
of a block. This option is selected by the Auto 
Restart control bit. The byte counter is cleared 
when the addresses are reloaded. 

The Auto Restart feature relieves the CPU of 
software overhead for repetitive operations 
such as CRT refresh and many others. More- 
over, when the CPU has access to the buses 
during byte-at-a-time or burst transfers, dif- 
ferent starting addresses can be written into 
buffer registers during transfers, causing the 
Auto Restart to begin at a new location. 

Interrupts. The Z-80 DMA can be programmed 
to interrupt the CPU on four conditions: 

■ Interrupt on Ready (before reguesting bus) 

■ Interrupt on Match 

■ Interrupt on End of Block 




EARLY ENDING 



Figure 5. Variable Cycle Length 
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Functional Any of these interrupts cause an interrupt- 

Description pending status bit to be set, and each of them 
(Continued) can optionally alter the DMA's interrupt vec- 
tor. Due to the buffered constraint mentioned 
under ''Modes of Operation/' interrupts on 
Match at End of Block are caused by matches 
to the byte just prior to the last byte in the 
block. 

The DMA shares the Z-80 Family's elaborate 
interrupt scheme, which provides fast inter- 
rupt service in real-time applications. In a 
Z-80 CPU environment, the DMA passes its 
internally modifiable 8-bit interrupt vector to 
the CPU, which adds an additional eight bits 
to form the memory address of the interrupt- 
routine table. This table contains the address 
of the beginning of the interrupt routine itself. 



In this process, CPU control is transferred 
directly to the interrupt routine, so that the 
next instruction executed after an interrupt 
acknowledge is the first instruction of the inter- 
rupt routine itself. 

Pulse Generation. External devices can keep 
track of how many bytes have been transferred 
by using the DMA's pulse output, which pro- 
vides a signal at 256-byte intervals. The inter- 
val sequence may be offset at the beginning by 
1 to 255 bytes. 

The Interrupt line outputs the pulse signal in 
a manner that prevents misinterpretation by 
the CPU as an interrupt request, since it only 
appears when the Bus Request and Bus 
Acknowledge lines are both active. 



Pin A0-A15. System Address Bus {output, 3-sisiie). 

Description Addresses generated by the DMA are sent to 
both source and destination ports (main 
memory or I/O peripherals) on these lines. 



BAI. Bus Acknowledge In (input, active Low). 
Signals that the system buses have been 
released for DMA contr ol. In multiple-DMA 
configurations, the BAI pin of the highest 
priority DMA is normally connected to the Bus 
Acknowledge pin of the CPU. Lower-priority 
DMAs have their BAl connected to the BAO of 
a higher-priority DMA. 



BAO, Bus Acknowledge Out (output, active 
Low). In a multiple- DMA configuration, this 
pin signals that no other higher-priority DMA 



has requested the system buses. BAI and BAO 
form a daisy chain for multiple-DMA priority 
resolution over bus control. 
BUSRQ. Bus Bequest (bidirectional, active 
Low, open drain). As an output, it sends 
requests for control of the system address bus, 
data bus and control bus to the CPU. As an 
input when multiple DMAs are st rung toge ther 
in a priority daisy chain via BAI and BAO, it 
senses when another DMA has requested the 
buses and causes this DMA to refrain from bus 
requesting until the other DMA is finished. 
Because it is a bidirectional pin, there cannot 
be any buffers between this DMA and any 
other DMA. It can, however, have a buffer 
between it and the CPU because it is unidirec- 
tional into the CPU. A pull-up resistor is con- 
nected to this pin. 



CE/WAIT. Chip Enable and Wait (input, 
active Low). Normally this functions only as a 
CE line , but i t can also be programmed to 
serve a WAIT function. As a CE line from the 



CPU, it becomes active when WR and lORQ 
are active and the I/O port address on the 
system address bus is the DMA's address, 
thereby allowing a transfer of control or com- 
mand bytes from the CPU to the DMA. As a 
WAIT line from memory or I/O devices, after 
the DMA has received a bus-request ack- 
nowledge from the CPU, it causes wait states 
to be inserted in the DMA's operation cycles 
thereby slowing the DMA to a speed that 
matches the memory or I/O device. 
CLK. System Clock (input). Standard Z-80 
single-phase clock at 2.5 MHz (Z-80 DMA) or 
4.0 MHz (Z-80A DMA). For slower system 
clocks, a TTL gate with a large pullup resistor 
may be adequate to meet the timing and 
voltage level specification. For higher-speed 
systems, use a clock driver with an active 
pullup to meet the Vjh specification and 
risetime requirements. 
D0-D7. System Data Bus (bidirectional, 
3-state). Commands from the CPU, DMA 
status, and data from memory or I/O 
peripherals are transferred on these lines. 

lEL Interrupt Enable In (input, active High). 
This is used with lEO to form a priority daisy 
chain when there is more than one interrupt- 
driven device. A High on this line indicates 
that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 

lEO. Interrupt Enable Out (output, active 
High). lEO is High only if lEI is High and the 
CPU is not servicing an interrupt from this 
DMA. Thus, this signal blocks lower-priority 
devices from interrupting while a higher- 
priority device is being serviced by its CPU 
interrupt service routine. 



Pin INT/PULSE. Interrupt Bequest (output, active 

Description Low, open drain). This requests a CPU inter- 
( Continued) rupt. The CPU a cknowledges the interrupt by 
puUing its lORQ output Low during a n M l 
cycle. It is typically connected to the INT pin 
of the C PU w ith a pullup resistor and tied to 
all other INT pins in the system. This pin can 
also be used to generate periodic pulses to an 
external device. It can be used this way only 
when th e D MA is bu s master (i.e., the CPU's 
BUSRQ and BUSAK lines are both Low and 
the CPU cannot see interrupts). 



opcode byte is fetched. An interr upt ack- 
nowle dge is indicated when both MI and 
lORQ are active. 



lORQ. Input/Output Bequest (bidirectional, 

active Low, 3-state). As an input, this indicates 
that the lower half of the address bus holds a 
valid I/O port address for transfer of control or 
status bytes from or to the CPU, res pect ively; 
this D MA is the addressed port if its CE pin 
and its WR or RD pins are simultaneously 
active. As an output, after the DMA has taken 
control of the system buses, it indicates that 
the lower half of the address bus holds a valid 
port address for another I/O d evice i nvolved in 
a DMA transfer of data. When lORQ and MI 
are both active simultaneously, an interrupt 
acknowledge is indicated. 

Ml. Machine Cycle One (input, active Low). 
Indicates that the current CPU machine cycle 
is an instruction fetch. It is used by the DMA 
to decode the feturn-from- interrupt instruction 
(RETI) (ED-4D) sent by the CPU. During two- 
byte instruction fetches, Ml is active as each 



MREQ. Memory Bequest (output, active Low, 
3-state). This indicates that the address bus 
holds a valid address for a memory read or 
write operation. After the DMA has taken con- 
trol of the system buses, it indicates a DMA 
transfer request from or to memory. 

RD. Bead (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to read status bytes from the DMA's read 
registers. As an output, after the DMA has 
taken control of the system buses, it indicates a 
DMA- controlled read from a memory or I/O 
port address. 

RDY. Beady (input, programmable active Low 
or High). This is monitored by the DMA to 
determine when a peripheral device associated 
with a DMA port is ready for a read or write 
operation. Depending on the mode of DMA 
operation (Byte, Burst or Continuous), the RDY 
line in directly c ontrols DMA activity by caus- 
ing the BUSRQ line to go Low or High. 

WR. Write (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to write control or command bytes to the DMA 
write registers. As an output, after the DMA 
has taken control of the system buses, it 
indicates a DMA-controlled write to a memory 
or I/O port address. 



Internal The internal structure of the Z-80 DMA 

Structure includes driver and receiver circuitry for inter- 
facing with an 8-bit system data bus, a 16-bit 
system address bus, and system control lines 
(Figure 6). In a Z-80 CPU environment, the 
DMA can be tied directly to the analogous pins 
on the CPU (Figure 7 ) with no a dditional buf- 
fering, except for the CE/WAIT line. 

The DMA's internal data bus interfaces with 
the system data bus and services all internal 
logic and registers. Addresses generated from 
this logic for Ports A and B (source and des- 
tination) of the DMA's single transfer channel 
are multiplexed onto the system address bus. 



Specialized logic circuits in the DMA are 
dedicated to the various functions of external 
bus interfacing, internal bus control, byte 
matching, byte counting, periodic pulse 
generation, CPU interrupts, bus requests, and 
address generation. A set of twenty- one 
writable control registers and seven readable 
status registers provides the means by which 
the CPU governs and monitors the activities of 
these logic circuits. All registers are eight bits 
wide, with double-byte information stored in 
adjacent registers. The two address counters 
(two bytes each) for Ports A and B are buffered 
by the two starting addresses. 
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Internal The 21 writable control registers are 

Structure organized into seven base-register groups, 
(Continued) most of which have multiple registers. The 

base registers in each writable group contain 
both control/command bits and pointer bits 
that can be set to address other registers within 
the group. The seven readable status registers 
have no analogous second-level registers. 

The registers are designated as follows, 
according to their base-register groups: 

WR0-WR6 — Write Register groups 0 
through 6 (7 base registers plus 14 associ- 
ated registers) 

RR0-RR6 — Read Registers 0 through 6 

Writing to a register within a write-register 
group involves first writing to the base 
register, with the appropriate pointer bits set, 
then writing to one or more of the other 
registers within the group. All seven of the 
readable status registers are accessed seguen- 
tially according to a programmable mask con- 
tained in one of the writable registers. The sec- 
tion entitled ''Programming" explains this in 
more detail. 

A pipelining scheme is used for reading data 
in. The programmed block length is the 
number of bytes compared to the byte counter, 
which increments at the end of each cycle. In 
searches, data byte comparisons with the 
match byte are made during the read cycle of 
the next byte. Matches are, therefore, dis- 
covered only after the next byte is read in. 

In multiple-DMA configurations, interrupt- 
request daisy chains are prioritized by the 
order in which their lEI and lEO lines are con- 
nected (Zilog Application Note 03-0041-01, The 
Z-80 Family Program Interrupt Structure) . The 



system bus, however, may not be pre-empted. 
Any DMA that gains access to the system buses 
keeps them until it is finished. 

Write Registers 



Base register byte 
Port A starting address (low byte) 
Port A starting address (high byte) 
Block length (low byte) 
Block length (high byte) 

Base register byte 
Port A variable-timing byte 

Base register byte 
Port B variable-timing byte 

Base register byte 
Mask byte 

Match byte 

Base register byte 
Port B starting address (low byte) 
Port B starting address (high byte) 
Interrupt control byte 
Pulse control byte 
Interrupt vector 

Base register byte 

Base register byte 
Read mask 



WRO 

WRl 
WR2 
WR3 

WR4 



WR5 
WR6 



Read Registers 



RRO Status byte 

RRl Byte counter (low byte) 

RR2 Byte counter (high byte) 

RR3 Port A address counter (low byte) 

RR4 Port A address counter (high byte) 

RR5 Port B address counter (low byte) 

RR6 Port B address counter (high byte) 
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Programming The Z-80 DMA has two programmable fun- 
damental states: (1) an enabled state, in which 
it can gain control of the system buses and 
direct the transfer of data between ports, and 
(2) a disabled state, in which it can initiate 
neither bus reguests nor data transfers. When 
the DMA is powered up or reset by any means, 
it is automatically placed into the disabled 
state. Program commands can be written to it 
by the CPU in either state, but this auto- 
matically puts the DMA in the disabled state, 
which is maintained until an enable command 
is issued by the CPU. The CPU must program 
the DMA in advance of any data search or 
transfer by addressing it as an I/O port and 
sending a seguence of control bytes using an 
Output instruction (such as OTIR for the 
Z-80 CPU). 

Writing. Control or command bytes are writ- 
ten into one or more of the Write Register 
groups (WR0-WR6) by first writing to the base 

register byte in that group. All groups have 
base registers and most groups have additional 
associated registers. The associated registers 
in a group are seguentially accessed by first 
writing a byte to the base register containing 
register-group identification and pointer bits 
(I's) to one or more of that base register's 
associated registers. 

This is illustrated in Figure 8. In this figure, 
the seguence in which associated registers 
within a group can be written to is shown by 
the vertical position of the associated registers. 
For example, if a byte written to the DMA con- 
tains the bits that identify WRO (bits DO, Dl 
and D7), and also contains I's in the bit posi- 
tions that point to the associated 'Tort A Start- 
ing Address (low byte)" and 'Tort A Starting 
Address (high byte)," then the next two bytes 
written to the DMA will be stored in these two 
registers, in that order. 

Reading. The Read Registers (RR0-RR6) are 
read by the CPU by addressing the DMA as an 
I/O port using an Input instruction (such as 
INIR for the Z-80 CPU). The readable bytes 
contain DMA status, byte- counter values, and 
port addresses since the last DMA reset. The 



registers are always read in a fixed seguence 
beginning with RRO and ending with RR6. 
However, the register read in this seguence is 
determined by programming the Read Mask in 
WR6. The seguence of reading is initialized by 
writing an Initiate Read Seguence or Set Read 
Status command to WR6. After a Reset DMA, 
the seguence must be initialized with the 
Initiate Read Seguence command or a Read 
Status command. The seguence of reading all 
registers that are not excluded by the Read 
Mask register must be completed before a new 
Initiate Read Seguence or Read Status 
command. 

Fixed-Address Programming. A special cir- 
cumstance arises when programming a desti- 
nation port to have a fixed address. The load 
command in WR6 only loads a fixed address to 
a port selected as the source, not to a port 
selected as the destination. Therefore, a fixed 
destination address must be loaded by tem- 
porarily declaring it a fixed-source address 
and subseguently declaring the true source as 
such, thereby implicitly making the other a 
destination. 

The following example illustrates the steps in 
this procedure, assuming that transfers are to 
occur from a variable-address source (Port A) 
to a fixed-address destination (Port B): 

1 . Temporarily declare Port B as source in 
WRO. 

2. Load Port B address in WR6. 

3. Declare Port A as source in WRO. 

4. Load Port A address in WR6. 

5. Enable DMA in WR6. 

Figure 9 illustrates a program to transfer 
data from memory (Port A) to a peripheral 
device (Port B). In this example, the Port A 
memory starting address is 1050h and the Port 
B peripheral fixed address is 05h- Note that 
the data flow is IOOIh bytes — one more than 
specified by the block length. The table of 
DMA commands may be stored in consecutive 
memory locations and transferred to the DMA 
with an output instruction such as the Z-80 
CPU's OTIR instruction. 
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Programming 

(Continued) 



Write Register 0 
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VECTOR IS AUTOMATICALLY 
MODIFIED AS SHOWN 
ONLY IF "STATUS 
AFFECTS VECTOR" BIT IS SET 



0 0= INTERRUPT ON RDY 

0 1 = INTERRUPT ON MATCH 

1 0 = INTERRUPT ON END OF BLOCK 

1 1 = INTERRUPT ON MATCH AND END OF BLOCK 



0 = MEMORY 

1 = I/O 

= PORT A ADDRESS DECREMENTS 
= PORT A ADDRESS INCREMENTS 
I = PORT A ADDRESS FIXED 



Write Register Group 5 

D7 Dg Dg D4 D3 Do D, Dn 



0 BASE REGISTER BYTE 



PORT A VARIABLE TIMING BYTE 



WR ENDS V2 CYCLE EARLY = 0 | 
RD END S Vi CY CLE EARLY = 0 

MREQ ENDS Vi CYCLE EARLY = 0 



0 = CYCLE LENGTH = 4 

1 = CYCLE LENGTH = 3 
0 = CYCLE LENGTH = 2 

1 = DO NOT USE 

0 = lORQ ENDS V2 CYCLE EARLY 



0 = READY ACTIVE LOW 
1_= READY ACTIVE HIGH 

0 = CE ONLY 

1 = CE/WAIT MULTIPLEXED 

0 = STOP ON END OF BLOCK 

1 = AUTO RESTART ON END OF BLOCK 



Write Register Group 2 

D; Dg Dg D4 D3 D2 Di Dc 

Mill lol^ 



BASE REGISTER BYTE 



0 = PORT B IS MEMORY 

1 = PORT B IS I/O 

= PORT B ADDRESS DECREMENTS 
= PORT B ADDRESS INCREMENTS 

) = PORT B ADDRESS FIXED 



PORT B VARIABLE TIMING BYTE 



WR ENDS Vi CYCLE EARLY = 0 | 
RD ENDS Vz CY CLE EARLY = 0 

MREQ ENDS V2 CYCLE EARLY = 0 



0 0 = CYCLE LENGTH = 4 

0 1 = CYCLE LENGTH = 3 

1 0 = CYCLE LENGTH = 2 
1 1 DO NOT USE 

: lORQ ENDS V2 CYCLE EARLY 



Write Register Group 3 

D7 Dg Dg D4 D3 D2 D, Do 



0 0 BASE REGISTER BYTE 



DMA ENABLE = 1 
INTERRUPT ENABLE = 1 



rTT 



1 = STOP ON MATCH 



] MASK BYTE (0 = COMPARE) 



MATCH BYTE 



Write Register Group 6 

D7 Dg Dg D4 D3 D2 D, Do 



HEX 

C3 



AB 
AF 



B8 
B7 



BASE REGISTER BYTE 



1 0 1 0 0 = 



COMMAND NAME 

RESET INTERRUPT CIRCUITRY, DISABLE INTERRUPT AND 
BUS REQUEST LOGIC, UNFORCE INTERNAL READY 
CONDITION, DISABLE "MUXCE" AND STOP AUTO 
REPEAT. 

RESET PORT A TIMING TO STANDARD Z-80 CPU TIMING. 
RESET PORT B TIMING TO STANDARD Z-80 CPU TIMING. 
LOAD STARTING ADDRESS FOR BOTH PORTS, CLEAR 

BYTE COUNTER. 
ADDRESS CONTINUE FROM PRESENT LOCATIONS, CLEAR 

BYTE COUNTER. 
ENABLE INTERRUPTS. 
DISABLE INTERRUPTS. 

RESET AND DISABLE INTERRUPT CIRCUITS (LIKE RETI) 
AND UNFORCE THE INTERNAL READY CONDITION. 

BOTH AFFECT ALL OPERATIONS 
EXCEPT INTERRUPTS. BUT DO NOT 
RESET ANY FUNCTIONS. 
INITIATE READ SEQUENCE TO THE FIRST REGISTER 
DESIGNATED AS READABLE BY THE READ MASK 
REGISTER. 

SET READ STATUS SO NEXT READ IS FROM STATUS 
REGISTER. 

FORCE AN INTERNAL READY CONDITION INDEPENDENT 
"OF THE RDY" INPUT. (USED FOR MEMORY-TO MEMORY 
OPERATIONS WHERE NO RDY SIGNAL IS NEEDED. THIS 
COMMAND DOES NOT FUNCTION IN THE "BYTE-AT-A- 
TIME" MODE.) 

CLEAR MATCH AND END OF BLOCK STATUS BITS. 

ENABLE AFTER RETI SO DMA REQUESTS BUS ONLY 
AFTER RECEIVING A RETL MUST BE FOLLOWED BY AN 
ENABLE DMA COMMAND. 

READ MASK IS THE FOLLOWING BYTE. 



ENABLE DMA 
DISABLE DMA 



READ MASK (1 = ENABLE) 



- STATUS BYTE 

- BYTE COUNTER (LOW BYTE) 

■ BYTE COUNTER (HIGH BYTE) 

- PORT A ADDRESS (LOW BYTE) 

■ PORT A ADDRESS (HIGH BYTE) 

■ PORT B ADDRESS (LOW BYTE) 

■ PORT B ADDRESS (HIGH BYTE) 



Figure 8b. Write Registers 



C8037-0132 



Comments 


D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


HEX 


WRO sets DMA to receive 
block length. Port A start- 
ing address and temporarily 
sets Port B as source. 


0 


1 

Block Length 
Upper 
Follows 


1 

Block Length 
Lower 
Follows 


1 

Port A 
Upper 
Address 
Follows 


1 

Port A 
Lower 
Address 
Follows 


0 

B ►A 

Temporary 

for 
Loading B 
Address* 


0 

Trancfor 
1 1 di loi CI , 


1 

NU Ocal 01 1 


79 


Port A address (lower) 


0 


1 


0 


1 


0 


0 


0 


0 


50 


Port A address (upper) 


0 


0 


0 


1 


0 


0 


0 


0 


10 


Block length (lower) 


0 


0 


0 


0 


0 


0 


0 


0 


00 


Block length (upper) 


0 


0 


0 


1 


0 


0 


0 


0 


10 


WR1 defines Port A as 
mennory with fixed 
incrementing address. 


0 


0 

No Timing 
Follows 


0 

Address 
Changes 


1 

Address 
Increments 


0 

Port is 
Memory 


1 


0 


0 


14 


WR2 defines Port B as 
peripheral with fixed 
address. 


0 


0 

No Timing 
Follows 


1 

Fixed 
Address 


0 


1 

Port is 
I/O 


0 


1 


0 


28 


WR4 sets mode to Burst, 
sets DMA to expect Port B 
address. 


1 


1 

Burst 


0 

Mode 


0 

No Interrupt 
Control Byte 
Follows 


0 

No Upper 
Address 


1 

Port B Lower 
Address 
Follows 


0 


1 


C5 


Port B address (lower) 


0 


0 


0 


0 


0 


1 


0 


1 


05 


WR5 sets Ready active High. 


1 


0 


0 

No Auto 
Restart 


0 

No Wait 
States 


1 

RDY 
Active High 


0 


1 


0 


8A 


WR6 loads Port B address 
and resets block counter.* 


1 


1 


0 


0 


1 


1 


1 


1 


CF 


WRO sets Port A as source.* 


0 


0 


0 

No Addres 
Lengtl- 


0 

s or Block 
Bytes 


0 


1 

A ►B 


0 

Transfer, I 


1 

vjo Search 


05 


WR6 loads Port A address 
and resets block counter. 


1 


1 


0 


0 


1 


1 


1 


1 


CF 


WR6 enables DMA to start 
operation. 


1 


0 


0 


0 


0 


1 


1 


• 1 


87 



NOTE: The actual number of bytes transferred is one more than specified by the block length. 
*These entries are necessary only in the case of a fixed destination address. 



Figure 9. Sample DMA Program 



Inactive In its disabled or inactive state, the DMA is 

State Timing addressed by the CPU as an I/O peripheral for 
(DMA as CPU write and read (control and status) operations. 
Peripheral) Write timing is illustrated in Figure 10. 

Reading of the DMA's status byte, byte 
counter or port address counters is illustrated 



in Figure 1 1 . These operation s requ ire less 
tha n three T-cycles. The CE, lORQ and 
RD lines are made active over two rising edges 
of CLK, and data appears on the bus approx- 
imately one T- cycle after they become active. 




Figure 10. CPU-to-DMA Write Cycle 



Figure 11. CPU-to-DMA Read Cycle 



Active State Default Read and Write Cycles. By default, 
Timing and after reset, the DMA's timing of read and 

(DMA as Bus write operations is exactly the same as the Z-80 
Controller) CPU's timing of read and write cycles for 

memory and I/O peripherals, with one excep- 
tion: during a read cycle, data is latched on 
the falling edge of T3 and held on the data bus 
across the boundary between read and write 
cycles, through the end of the following write 
cycle. 

Figure 12 illustrates the timing for memory- 
to-I/O port transfers and Figure 13 illustrates 
I/O-to-memory transfers. Memory-to-memory 
and I/O-to-I/O transfer timings are simply per- 
mutations of these diagrams. 

The default timing uses three T-cycles for 
memory transactions and four T-cycles for I/O 
transactions, which include one automatically 



inserted w ait cycle between T2 and T3. If the 
CE/W AIT line is programmed to act as a 
WAIT line during the DMA's active state, it is 
sampled on the falling edge of T2 for memory 
transactions an d the fallin g edge of T^ for I/O 
transactions. If CE/WAIT is Low during this 
tim e another T- cycle is added, during which 
the CE/WAIT line will again be sampled. The 
duration of transactions can thus be indef- 
initely extended. 

Variable Cycle and Edge Timing. The Z-80 
DMA's default operation- cycle length for the 

source (read) port and destination (write) port 
can be independently programmed. This 
variable-cycle feature allows read or write 
cycles consisting of two, three or four T-cycles 
(more if Wait cycles are inserted), thereby 
increasing or decreasing the speed of all 
signals generated by the DMA. In addition. 



A0-A15 



D0-D7 



DMA DRIVES THE 
LAST DATA IT READ 
DURING THIS TIME. 



MEMORY READ 

Ti I T2 I T3 



I T2 I Tw I T3 



INPUT TO DMA 



Figure 12. Memory-to-I/O Transfer 



C8037-0134 C8037-0135 C8037-0136 



Active 

State 

AC 

Character- 
istics 



Ti I T2 I Tw I T3 



A0-A15 



- MEMORY WRITE ■ 



Ti I T2 I T3 



READ < 



D0-D7 



INPUT TO DMA 



MREQ 



J 



DMA DRIVES THE 
LAST DATA IT READ 
DURING THIS TIME. 



>- 



7 



Figure 13. I/O-to-Memory Transfer 



the_ trailing edges of the lORQ, MREQ, RD and 
WR signals can be independently terminated 
one-half cycle early. Figure 14 illustrates this. 

In the varia ble-cycle mode, unlike default 
timing, lORQ comes a ctive one-half cy cle 
before MREQ, RD and WR. CE/WAIT can be 
used to extend only the 3 or 4 T-cycle variable 
memory cycles and only the 4- cycle variable 
I/O cycle. The CE/WAIT line is sampled at the 
falling edge of T2 for 3- or 4- cycle memory 
cycles, and at the falling edge of T3 for 4- cycle 
I/O cycles. 

During transfers, data is latched on the 
clock edge causing the rising edge of RD and 
held until the end of the write cycle. 



Bus Requests. Figure 15 illustrates the bus 
reguest and acceptance timing. The RDY line, 
which may be programmed active High or 
Low, is sampled on every rising edge of CLK. 
If it is found to be active, and if the bus is not 
in use by any other device, the following rising 
edg e of CLK drives BUSRQ low. After receiv- 
ing BUSRQ , the CPU acknowledges on the 
BAI input either directly or through a 
multiple-DMA daisy chain. When a Low is 
detected on BAI for two consecutive rising 
edges of CLK, the DMA will begin transferring 
data on the next rising edge of CLK. 




Figure 14. Variable-Cycle and Edge Timing 



Figure 15. Bus Request and Acceptance 



C8037-0137 C8037-0138 C8037-0139 



Active Bus Releas e Byte-a t-g-Time. In Byte-at-a- 

State Time mode, BUSRQ is brought High on the 

AC rising edge of CLK prior to the end of each 

Character- read cycle (search-only) or write cycle 
istics (transfer and transfer/search) as illustrated in 

(Continued) Figure 16. This is done regardless of the state 
of RDY. There is no possibility of confusion 
when a Z-80 CPU is used since the CPU can- 
not begin an operation until the following 
T- cycle. Most other CPUs are not bothered by 
this either, although note should be taken of it. 
The next bus re guest for the next byte will 
come after both BUSRQ and BAI have 
returned High. 

Bus Release at End of Block. In Burst and 
Continu ous modes, an end of block causes 
BUSRQ to go High usually on the same rising 
edge of CLK in which the DMA completes the 
transfer of the data block (Figure 17). The last 
byte^ in the block is transferred even if RDY 
goes inactive before completion of the last byte 
transfer. 

Bus Release on Not Ready. In B urst mod e, 
when RDY goes inactive it causes BUSRQ to 
go High on the next rising edge of CLK after 
the completion of its current byte operation 
(Figure 18). The action on BUSRQ is thus 
somewhat delayed from action on the RDY 
line. The DMA always completes its current 
byte operation in an orderly fashion before 
releasing the bus. 

By contrast, BUSRQ is not released in Con- 
tinuous mode when RDY goes inactive. 



Instead, the DMA idles after completing the 
current byte operation, awaiting an active 
RDY again. 

Bus Release on Match. If the DMA is pro- 
grammed to stop on match in B urst or C on- 
tinuous modes, a match causes BUSRQ to go 
inactive on the next DMA operation, i.e., at 
the end of the next read in a search or at the 
end of the following write in a transfer (Figure 
19). Due to the pipelining scheme, matches 
are determined while the next DMA read or 
write is being performed. 

The RDY line can go inactive after the 
matching operation begins without affecting 
this bus-release timing. 

Interrupts. Timings for interrupt acknowledge 
and return from interrupt are the same as tim- 
ings for these in other Z-80 peripherals. Refer 
to Zilog Application Note 03-0041-01 (The Z-80 
Family Program Interrupt Structure). 

Interrupt on RDY (interrupt before 
request ing bus) does not directly affect the 
BUSRQ line. Instead, the interrupt service 
routine must handle this by issuing the follow- 
ing commands to WR6: 

1 . Enable after Return From Interrupt (RETI) 
Command — Hex B7 

2. Enable DMA — Hex 87 

3. An RETI instruction that resets the 
Interrupt Under Service latch in the 
Z-80 DMA. 



BUSRQ y 



DMA ACTIVE » N DMA INACTIVE 




Figure 16. Bus Release (Byte-at-a-Time Mode) 



Figure 17. Bus Release at End of Block 
(Burst and Continuous Modes) 




Figure 18. Bus Release When Not Ready (Burst Mode) 




BYTE n + 1 
" READ IN ~ 
AND 
MATCH FOUND 
ON BYTE n 



Figure 19. Bus Release on Match 

(Burst and Continuous Modes) 



C8037-0140 C8037-0141 C8037-0142 C8037-0143 



Absolute Operating Ambient 

Maximum Temperature Under Bias ... As Specified Under 
Ratings ''Ordering Information" 

Storage Temperature -65°C to +r50°C 

Voltage On Any Pin with 
Respect to Ground -0.3 V to + 7 V 

Power Dissipation 1.5W 

Standard The characteristics below apply for the 

Test following standard test conditions; unless 

Conditions otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer- 
enced pin. Standard conditions are as follows: 

■ +4.75 V < Vcc ^ +5.25 V 

■ GND = 0 V 

■ 0°C < Ta < +70°C 

All ac parameters assume a load capacitance 
of 100 pF max. Timing references between two 



Stresses greater than those hsted under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



FROM OUTPUT f 




output signals assume a load difference of 
50 pF max. 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


ViLC 


Clock Input Low Voltage 


-0.3 


0.45 


V 




VlHC 


Clock Input High Voltage 


Vcc-.6 


5.5 


V 




ViL 


Input Low Voltage 


-0.3 


0.8 


V 




VlH 


Input High Voltage 


2.0 


5.5 


V 




Vol 


Output Low Voltage 




0.4 


V 


IoL= 3.2mA for BUSRQ 
Iql = 2.0 mA for all others 


VoH 


Output High Voltage 


2.4 




V 


Iqh = 250 iiA 




Power Supply Current 
Z-80 DMA 
Z-80A DMA 




150 
200 


mA 
mA 




Ili 


Input Leakage Current 




10 


fiA 


ViN = 0 to Vcc 




Tri-State Output Leakage Current in Float 




10 


fiA 


VouT = 2.4 to Vcc 


^LOL 


Tri-State Output Leakage Current in Float 




-10 


fiA 


VouT = 0.4 V 


Ild 


Data Bus Leakage Current in Input Mode 




±10 


fiA 


0<ViN<Vcc 



DC 

Character- 
istics 



Vcc = 5 V ±5% unless otherwise specified, over specified temperature range. 



Capacitance Symbol Parameter 



■"IN 
-"OUT 



Min Max Unit 



Clock Capacitance 
Input Capacitance 
Output Capacitance 



35 
5 
10 



pF 
pF 
pF 



f = 1 MHz, over specified temperature range. 



Test Condition 



Unmeasured Pins 
Returned to Ground 



C8085-0209 



Inactive 

State 

AC 

Character- 
istics 



Number Symbol 



Parameter 



Z-80 DMA 
Min Max 



Z-80A DMA 
Min Max 



1 TcC 

2 TwCh 

3 TwCl 

4 TrC 

5 TfC — 

Th 



TsC(Cr) 
TdDO(RDf) 
TsWM(Cr) 
-TdCf(DO)— 



Clock Cycle Time 
Clock Width (High) 
Clock Width (Low) 
Clock Rise Time 
"Clock Fall Time 



6 

7 
8 
9 

-lo- 
ll TdRD(Dz) 

12 TsIEI(IORQ) 

13 TdlEOr(IEIr) 

14 TdlEOf(IEIf) 
-15 TdMl(IEO)— 



16 TslVllf(Cr) 

17 TsMlr(Cf) 

18 TsRD(Cr) 

19 Tdl(INT) 

-20 TdBAIr(BAOr)- 

21 TdBAIf(BAOf) 

22 TsRDY(Cr) 



Hold Time for Any Specified Setup Time 

IORO, WR, CE 1 to Clock t Setup 

RDi to Data Output Delay 

Data In to Clock \ Setup (WR or Ml) 

-lORQ I to Data Out Delay (INTA Cycle)- 

RD t to Data Float Delay (output buffer 
disable) 



400 
170 
170 



0 

280 
50 



4000 
2000 

2000 
30 
— 3Ch 



500 



to BAO I Delay 
RDY Active to Clock 1 Setup 



250 4000 
105 2000 
105 2000 
30 

30- 

0 
145 

50 



380 



-340- 
160 

210 

190 



lEIl to lORQ i Setup (INTA Cycle) 140 

lEI t to lEO t Delay 

lEI 1 to lEO i Delay 

-Ml I to lEO I Delay (interrupt just prior to 

Mil) 300 

Ml i to Clock t Setup 210 

Ml t to Clock i Setup 20 

RD 1 to Clock t Setup (Ml Cycle) 240 

Interrupt Cause to INT i Delay (INT generated 
only when DMA is inactive) 500 

-BAI t to BAO \ Delay 200- 

BAI i to BAO I Delay 200 



140 



-160- 
110 

160 

130 



190 



90 
-10 
115 



500 
-ISO- 
ISO 



Unit 



ns 
ns 
ns 

ns 

"ns" 

ns 

ns 

ns 

ns 
-ns- 



ns 
ns 
ns 

ns 



150 



100 



ns 
ns 

ns 
ns 

ns 
-ns- 
ns 
ns 



NOTE: 

1. Negative minimum setup values mean that the first-mentioned event can come after the second-mentioned event. 




NOTE: 

Signals in this diagram bear no relation to one another unless specifically noted as a numbered item. 



C8037-0144 



Active 

State 

AC 

Character- 
istics 



Number Symbol Parameter 



Z-80 DMA Z-80A DMA 

Min(ns) Max(ns) Min(ns) Max(iis) 



1 
2 
3 
4 

6 
7 
8 
9 

-10- 
*11 

12 
*13 

14 

-15- 

*16 

17 

*18 

19 
-20- 

21 

22 

23 
*24 
-25- 

26 
*27 

28 

29 
-30- 

31 

32 

33 

34 
-35- 

36 

37 

38 

39 



TcC Clock Cycle Time 
TwCh Clock Width (High) 
TwCl Clock Width (Low) 
TrC Clock Rise Time 
-TfC Clock Fall Time 



400 
180 
180 



TdA 

TdC(Az) 

TsA(MREQ) 

TsA(IRW) 

-TdRW(A)- 
TdRW(Az) 
TdCf(DO) 
TdCr(Dz) 
TsDI(Cr) 

-TsDI(Cf) — 



Address Output Delay 

Clock t to Address Float Delay 



Address to MREQ 1 Setup (Memory Cycle) (2)+.(5)-75 

Address Stable to lORQ, RD, WR i Setup 
(I/O Cycle) 



TsDO(WfM) 
TsDO(Wfl) 
TdWr(DO) 
Th 

-TdCf(Mf) — 
TdCr(Mr) 
TdCf(Mr) 
TwMl 
TwMh 

-TdCr(If) 



-RD, WR t to Addr. Stable Delay 

RD, WR t to Addr. Float 

Clock i to Data Out Delay 

Clock t to Data Float Delay (Write Cycle) 

Data In to Clock t Setup (Read cycle when 
rising edge ends read) 

-Data In to Clock I Setup (Read cycle when- 
falling edge ends read) 

Data Out to WR i Setup (Memory Cycle) 

Data Out to WR I Setup (I/O cycle) 

WR ] to Data Out Delay 

Hold Time for Any Specified Setup Time 

-Clock I to MREQ 1 Delay 



(l)-80 

-(3) + (4)-40- 
(3) -i- (4)-60 



50 



60 
(1)-210 
100 
(3) + (4)-80 
0 



Clock t to MREQ t Delay 
Clock I to MREQ t Delay 



MREQ Low Pulse Width 



TdCr(Ir) 

TdCf(Ir) 

TdCr(Rf) 

TdCf(Rf) 
-TdCr{Rr) 

TdCf(Rr) 

TdCr(Wf) 

TdCf(Wf) 

TdCr(Wr) 
-TdCf(Wr)- 

TwWl 

TsWA(Cf) 

TdCr(B) 

TdCr(Iz) 



MREQ High Pulse Width 
Olock t to lORQ i Delay- 
Clock t to lORQ t Delay 
Clock I to lORQ t Delay 
Clock t to RD 1 Delay 
Clock I to RD i Delay 

Clock t to RD t Delay 

Clock i to RD 1 Delay 
Clock ! to WR 1 Delay 
Clock i to WR i Delay 
Clock t to WR t Delay 

Clock 1 to WR I Delay 

WR Low Pulse Width 



(l)-40 
(2) + (5)-30 



WAIT to Clock i Setup 

Clock t to BUSRQ Delay 

Clock t to fORQ, MREQ, RD, WR Float 
Delay 



(l)-40 
70 



2000 
2000 
30 
— 30- 
145 
110 



250 
110 
110 



230 
90 



(2) + (5)-75 

(l)-70 

-(3) + (4)-50- 

(3) + (4)-45 



35 



50 
(1)-170 
100 
(3) + (4)-70 
0 



-100- 
100 
100 



(l)-30 
(2)+(5)-20 



-90- 
100 
110 
100 
130 

-100- 
110 
80 
90 
100 

-100- 



(l)-30 
70 



100 
100 



2000 
2000 
30 
— 30- 
110 
90 



150 
90 



-85- 
85 
85 



-75- 
85 
85 
85 
95 

-85- 
85 
65 
80 
80 

-80- 



100 



80 



NOTES: 

1. Numbers in parentheses are other parameter -numbers in this table; their values should be substituted in equations. 

2. All equations imply DMA default (standard) timing. 

3. Data must be enabled onto data bus when RD is active. 

4. Asterisk (*) before parameter number means the parameter is not illustrated in the AC Timing Diagrams. 




NOTE: 

Signals in this diagram bear no relation to one another unless specifically noted as a numbered item. 



C8037-0145 



03-8037-01 



Package 
Information 




OTWVWWVWWWWW" 



0.620 1 


' 0.600 




\1 


(\ n\ 




I 


r^O.009' 





0.650 



0.610 




40-Pin Plastic Package 



0.598 
MAX 



PIN 1 
IDENTIFICATION^ 




10 
0.090 



3.021 
0.015 



40-Pin Ceramic Package 



